River ports represent a special type of urbanized area. They are considered to be an important driver of biological invasion and biotic homogenization on a global scale, but it remains unclear how and to what degree they serve as a pool of alien species. Data for 54 river ports (16 German, 20 Czech, 7 Hungarian, 3 Slovak, and 8 Austrian ports) on two important Central European waterways (the Elbe-Vltava and Danube waterways) were collected over 40 years. In total, 1056 plant species were found. Of these, 433 were alien, representing 41% of the total number of species found in all the studied Elbe, Vltava, and Danube ports. During comparison of floristic data from literary sources significant differences in the percentage of alien species in ports (50%) and cities (38%) were found. The number of alien species was closely related to port size, but the proportion of alien species expressed as a percentage of the total number of species did not depend significantly on port area. The proportion of alien species in both studied waterways decreased with distance from the sea and was highest in the Hungarian ports and lowest in the Czech Republic, Austria and Bavaria. Lower levels of shipping towards inland regions due to decreased river flow are likely the reason for this trend. The dissimilarity in the species composition of alien and native flora between individual river ports increased with increasing inter-port distance. Neophytes presented a stronger distance decay pattern than did either native species or archaeophytes of the Danube inland ports, potentially due to the different cargoes of individual ports, which may affect the introduction of different neophytes from different geographic areas. The results show that river ports in Central Europe should be regarded as a type of industrial area and deserve full attention with regard to the distribution and spread of alien plants.
Introduction
Many studies have demonstrated that cities are hotspots of alien plants (e.g. Pyšek 1998; Sukopp 2002; Wittig 2002; Clemants and Moore 2003; Zerbe et al. 2004; Ricotta et al. 2009; Zhao et al. 2010; Lososová et al. 2012; Aronson et al. 2014) . A main reason for this is that urbanized areas provide suitable environments for alien species, with superior conditions for their development compared to those available in rural areas (e.g. Kühn and Klotz 2006; von der Lippe and Kowarik 2008) . This suitability of urbanized areas especially applies to neophytes (taxa introduced after AD 1500), whose presence among urban flora over the last 100 years or longer has increased significantly (Godefroid 2001; Chocholoušková and Pyšek 2003; DeCandido 2004; Knapp et al. 2010) .
The development of international trade and transport and the related global dispersal of invasive alien species have had significant impacts on the spread of alien species among urbanized areas (Levine and D'Antonio 2003; Dehnen-Schmutz et al. 2007; Westphal et al. 2008) . Traffic junctions and transshipment points of goods have had an important role, as they represent the sources of occurrence and spread of invasive plants (Jehlík and Hejný 1974; Forcella and Harvey 1988; Kornaś 1990; Jehlík et al. 1998; Song and Prots 1998) . For this reason, urban-industrial areas are regarded as the main drivers of biological invasions (Wittig 2010) .
Within urban-industrial environments, port areas represent introduction hubs for alien species whose seeds are spread with shipping (Wittig 2004; Adhikari et al. 2015) . Some cargoes provide excellent means for the transportation of seeds or entire plants (e.g., food and animal feed, minerals, coal, solid ballast). Port areas have been extensively explored with respect to marine invasive species (Molnar et al. 2008) . Attention has also been paid to terrestrial plant species, which can also benefit from marine/ freshwater transportation routes (Anastasiu et al. 2011; Jehlík 2013) . The presence of alien plants among the flora of seaports in the north of Europe has been reported for Poland (Ćwikliński 1970; Misiewicz 1985) , Norway (Ouren 1978 (Ouren , 1980 (Ouren , 1983 (Ouren , 1987 , Germany (Jehlík 1981 (Jehlík , 1989 (Jehlík , 1994a , the Netherlands (Jehlík and Dostálek 2015) , and Ireland (Reynolds 1990) . Information on the occurrence of alien plants in the Black Sea ports in the territory of Ukraine is reported by Petryk (1993) , and the role of ports in the spread of alien plants along the Romanian Black Sea was analysed by Anastasiu et al. (2011) . In addition, the relationship between the occurrence of alien plants and urban habitat type in the port of Trieste on the Adriatic coast was explored in detail by Tordoni et al. (2017) .
Marine ports are typically connected to inland waterway networks; the connections facilitate the inland spread of alien plants, especially through river ports. Port-Juvénal, the port of Montpellier (France) on the river Lez, is a classic case for the role of inland ports for the introduction of alien plants. Thellung (1912) reported the arrival of many alien plant species, most of which have been introduced into the area through imports of wool (see details: Kowarik and Pyšek 2012) . Most data on the occurrence of alien plants in the river ports of central Europe come from Germany (Ludwig 1957; Stricker 1962; Schäfer 1965; Runge 1965; Stieglitz 1980 Stieglitz , 1981 Klotz 1984; Brandes 1989; Jehlík 1994b; Brandes and Sander 1995; Lotz 1998; Düring 2004) . Additional data come from Poland (Szotkowski 1978) , Belgium (Verloove 1992) , Switzerland (Baumgartner 1973 (Baumgartner , 1985 , the Czech Republic and Slovakia (Eliáš 1985; Jehlík 1985 Jehlík , 2008 Jehlík et al. 2005) . River ports typically occur in industrial areas that are part of the urban matrix and whose alien flora has not yet been systematically studied. Using data from a 40-year study of flora and vegetation in 54 river ports of Central Europe (Jehlík 2013) , this paper presents detailed information on alien plants that occur in this specific type of industrialized area.
The following questions are addressed: 1. What is the proportion of alien species in the flora of Central European river ports, and does it differ from the proportions in other urbanized areas? 2. To what extent does the size of a port influence the abundance of alien plants? 3. Does the amount of alien species differ among various river systems (regions)? 4. Is the floristic composition in river ports related to the distance of the port from the sea or the distance between ports?
Methods
The data used for the analysis were collected over the course of long-term floristic research activities conducted during 1968-2009 in 54 river ports in five countries in Central Europe (Czech Republic, Germany, Austria, Slovakia, Hungary) by the first author (Jehlík 2013) . The ports were studied in two different river systems belonging to the most important waterways of Central Europe. A total of 32 ports were located in the Elbe-Vltava waterway between 50° and 53° N, and a total of 22 ports were located on the Danube River between 45° and 49° N (Table 1, Fig. 1 ).
The ports were visited several times during various periods of the growing season to maximize the possibility of sampling the full species composition (see Appendix 2). After 41 years, lists of taxa from all 54 locations were compiled. To record the abundances of plant taxa, a five-degree scale (sporadic, rare, scattered, abundant, highly abundant) derived from the Braun-Blanquet approach (Braun-Blanquet 1964; Westhoff and van der Maarel 1978) was used. To calculate the floristic dissimilarity between ports and the difference in individual species representation between waterways, the degrees of the scale were transformed into numeric values: sporadic (one or two individuals) = 1, rare = 2, scattered = 3, abundant = 5, and highly abundant = 7. To statistically evaluate the effect of port size on species richness for all focal species groups, the area of each port locality was measured using Google Earth Pro 7.1. To compare the presence of alien species between the investigated river ports and other urbanized areas, previously published floristic data for 29 cities were compiled and analyzed (Pyšek 1998; Table 2) , and the data were tested for differences using the Mann-Whitney U test. The species were classified according to their immigration status (for details, see Pyšek 1995; Richardson et al. 2000; Pyšek et al. 2002; Blackburn et al. 2011) : (i) A native (indigenous) species is a species that evolves in the area or arrives there either before the beginning of the Neolithic period or after the beginning of that period but in a way entirely independent of human activity (Webb 1985) ; (ii) An alien (introduced, exotic, adventive) species is a species that reaches the area as a consequence of man or the presence of domestic animals. Two main categories of alien species were used in the analysis: (i) archaeophytes (introduced to Central Europe before the year 1500, mostly from the Mediterranean region) and (ii) neophytes (introduced after the year 1500). Casuals, which do not form self-replacing populations, were not considered. The classification of alien species followed the national lists of alien plants and specialized databases (Klotz et al. 2002; Pyšek et al. 2002 Pyšek et al. , 2012 DAISIE 2009 ).
Floristic pairwise dissimilarity was calculated as the percentage dissimilarity (Gaugh 1982) separately for the ports of the Elbe-Vltava waterway and Danube waterway. The significance of the correlation coefficients of the relationship between geographical distance and floristic dissimilarity of the ports was tested by Mantel test. The significance of differences between regression coefficients was assessed by the self-made algorithm according to Diem (1960: 178-180) . The relationship between species richness and port size was examined by regression analysis (non-linear power function was used). Differences in the abundance of alien species between waterways were tested using MannWhitney U test. The program STATISTICA 9.0 (StatSoft Inc. 2009) was used for the analyses. A Principal Components Analysis (PCA) (program CANOCO; ter Braak and Šmilauer 2012) was performed to examine the relationship between the proportion of the number of alien and native species and both waterways and individual regions.
Results

Richness of alien species in the river ports
Overall, 1056 plant taxa were found in the 54 studied river ports. Of these, 193 species were present only in the Elbe-Vltava waterway, and 249 species occurred only in the Danube waterway. The remaining 614 species were found in both river systems.
Of the total number of species, 433 were alien, representing almost half (41%) of the total number of species in the studied Elbe, Vltava, and Danube ports. Sixty-five alien species were found only in the ports of the Elbe-Vltava waterway (i.e., 15% of the total number of alien species), and 72 were found only in the Danube ports (i.e., 17% of the total number of alien species). ; R 2 = 0.173; p = 0.005]. However, the proportion of alien species expressed as a percentage of the total number of species did not vary significantly with port area (R 2 = 0.0175; non-significant).
Role of a distance to the sea and other ports
The relationship between the number of alien species in a port and the distance of the port from the sea is presented in Figure 2 . The proportion of alien species in both studied waterways decreased with increasing distance from the sea. This pattern was also observed when considering the archaeophytes and neophytes separately. The floristic dissimilarity values for the 496 unique pairwise combinations of flora in 32 river ports of the Elbe-Vltava waterway and for the 231 combinations of flora in 22 Danube inland ports presented divergent decay patterns for the native species, archaeophytes, and neophytes (Fig. 3) . In general, the similarity in species composition between individual river ports of both waterways decreased with inter-port distance in the case of both alien and native flora. All correlations were significant (Mantel test, p = 0.008-0.0001). However, in the ports of Elbe-Vltava waterway native and allien species dissimilarity expressed similar slope (i.e. the regression lines are parallel), while in the ports of Danube waterway archaeophytes and native species presented the weakest pattern of distance decay, whereas neophytes presented the strongest pattern. The difference between the regression coefficients was significant (p = 0.016 and 0.015 for the comparison of archeophytes × neophytes and native species × neophytes, respectively).
Comparison with urban floras
The data presented in Table 2 show that the percentage of the total number of alien species reported from the ports (50%) is significantly higher than that observed in the cities (38%). However, significant differences in the proportions of archaeophytes and neophytes were found between ports and cities. The percentage of archaeophytes in ports (33%) was significantly higher than that in cities (13%), whereas the percentage of neophytes in ports (17%) was significantly lower than that in cities (25%).
Comparisons between the Elbe-Vltava and Danube waterways
Results of Principal Component Analysis (PCA) shown in Figure 4 do not indicate remarkable difference in the proportion of alien species between the Elbe-Vltava and Danube waterways. The ratio of alien and native species decreases with the distance from the sea. The highest proportion of alien species was found in Hungarian ports (especially archaeophytes), followed by the ports in the northern parts of Germany and Slovakia with higher proportion of neophytes. The lowest proportions of alien species were found in the upper parts of the rivers; specifically, in the Elbe and Vltava ports in the Czech Republic and in the Danube ports in Austria and Bavaria.
Most alien species (only species that occurred in at least five ports were tested) were similarly distributed in both waterways. However, some species occurred more frequently in the Elbe-Vltava waterway, whereas other species were more often observed in the Danube waterway. The number of alien species that were significantly more abundant in the Danube ports than in the Elbe-Vltava ports was higher than the number of alien species that were significantly more abundant in Elbe-Vltava ports (see Appendix 1).
Discussion and conclusions
The results of this study demonstrate that river ports contain high proportions of alien plant species. The abundance of alien species increases with port area. This pattern exists because small ports do not have as many large and diverse sites that are suitable for vegetation cover to develop as large ports. In addition, smaller ports have less shipping activity, which contributes less to the intensive spread of alien plants. The proportion of alien species in both studied waterways decreased in relation to port distance from the sea. Consistent with this finding, a higher proportion of alien species was observed in countries whose river ports are more closely connected to the sea. Lower levels of shipping towards inland regions due to decreased river flow are likely the reason for this trend. The importance of traffic in the spread and subsequent naturalization of alien plants in urbanized areas has been documented, e.g. by von der Lippe and Kowarik (2007) , Hulme (2009), and Lembrechts et al. (2015) . The similarity in the species composition of alien flora between individual river ports decreased with distance in the same way as the similarity in native flora. In case of the Elbe-Vltava waterway, the slope of the regression lines is the same and the correlation dissimilarity/distance of all three groups of species was weaker, whereas in the case of the Danube waterway, the neophyte dissimilarity increases with the distances of ports much faster than the dissimilarity of the archaeophytes and native species. In addition, in the case of the Danube waterway, the correlation dissimilarity/distance of all three groups of species is closer. The differences in the correlation power of groups of species between both waterways might be due to the different abiotic factors and historical land use (see Deutschewitz et al. 2003) . The stronger distance decay patterns observed in neophytes of the Danube waterway supports the findings of La Sorte et al. (2008) , showing that archaeophytes present the weakest distance decay patterns. In contrast, neophytes presented the strongest distance decay patterns, whereas native species presented intermediate decay patterns. La Sorte et al. (2008) attributed this trend to the fact that the European archaeophytes that exist today represent a set of species that developed successful associations with anthropogenic activities over several millennia. In the case of ports, this scenario implies that archaeophytes have had more time than other alien species to disperse among anthropogenic harbor sites, which are often similar. No significant differences in species richness were found between the two river systems. In addition, the proportion of alien species did not differ between the climatically warmer region (the Danube waterway) and the colder northwestern region (the Elbe-Vltava waterway) of southeastern Central Europe. The data differ in this regard from those of Lososová et al. (2012) and Schmidt et al. (2014) , who, after analyzing floristic data from Central European cities, concluded that the proportion of native species decreased with increasing mean annual precipitation. The number of alien species with a significantly stronger relationship to one waterway was higher for the ports on the Danube River than for those on the Vltava and Elbe Rivers, which indicates a favorable influence of warmer climate on the success of alien species in urbanized areas (e.g. Pyšek 1998; Lososová et al. 2012 ). This influence can also be explained by the higher presence of species from southeastern Europe. A number of these thermophilous species have found suitable habitats in the ports of Central Europe. To a great extent, the differences in species richness and presence of alien species among the individual ports are likely dependent on the size, type, and treatment of port localities.
Our results also indicate that the proportion of the total number of alien species is significantly higher than the proportions reported from urbanized areas in larger European cities and summarized by Pyšek (1998) . However, the proportion of archaeophytes in ports was significantly higher than that in cities, while the proportion of neophytes in ports was significantly lower than that in cities. The higher proportion of archaeophytes, which represent a heterogeneous group in terms of the degrees of adaptation to local conditions (see Pyšek and Jarošík 2005) , is likely supported by the presence of a high number of diverse habitats with different levels of disturbance in ports. The lower proportion of neophytes reflects the smaller area of port habitat that is suitable for their development (see Celesti-Grapow et al. 2006 ). These observations demonstrate that a high number of alien species are present in a relatively small area in the river ports.
The results of the flora composition analysis of the studied ports showed that in Central Europe, the river ports belong to the species-rich urbanized areas, with a high presence of alien species. Our results support the findings of Ricotta et al. (2010) , indicating that aliens tend to have different environmental requirements than natives. Ports must be regarded as a unique type of species-rich industrial area, deserving full attention with regard to the control of invasive alien plants as well as nature conservation (Jehlík et al. 2016) . When planning port development, both of these aspects should be considered.
